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DELAYUNE 


BACKGROUNDmTHEJNVEN^ 

1 Field of the Invention 

The present invention relates to delay lines used for delaying signal 
; transmission in computers, measurement apparatuses, and the like. More 

specifically, the invention relates to delay lines in which delay time can be adjusted. 

2 Description of the Related Art 

Fig. 9 is a top view of a prior art example of a delay line. A delay Une 80 has 
a structure in which a transmission line 82 used for a signal line is folded in a 
0 meandering manner and disposed on one of the main surfaces of a drelectne substrate 
81 and a ground conductor (not shown) is disposed on substantially all of the other 
main surface of the drelec.ric substrate 81 . The ends of the transmission l.ne 82 are 
connected to an input terminal 83, and an output terminal 84, respecvely. The 
entire length of the transmission line 82 determines the delay time between the mpu. 
, 5 tenninal 83 and the output terminal 84. In order to change the delay time, as shown 
in F.g. 9 an intermediate tap temrinal 85 is disposed at a certarn pomt on the 
meandering transmission line 82 and used, for example, as an output termmal, 
thereby providing a different delay time. The intemtediate tap termmal 85 is adapted 
,0 be connected to the transmission line 82 at different positions, whereby the delay 
20 time can be changed by changing the position. 

However, in the case of the above delay line, when the position of an output 
terminal has been set accordmg to a desired delay time, it is impossible to adjust the 
delay time again, after the delay line has been mounted in a printed circurt board or 
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tlic like 

In addition, since one of the three terminals is not used, the unused terminal 
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generates a eapac.ance or works as a stub, whieh leads .o a problen, of caus.ng .he 

reflection of a signal. 

in addiuon, as shown in Fig. 9, when a transmission line to be used has a 
nreandermg configuration, an inten^ediate tap ten^inal can be connected only to the 
lower-side curved part of the meandering transmission line. As a result, it is 
impossible to adjust delay time continuously. 

SUMMARYOFTHEilWENIlQN 

To overcome the above described problems, embodiments of the present 
invention provide a delay line in which delay time can be adjusted even after being 
n^ounted on a printed circuit board, and m which the delay time can continuously be 

adjusted. 

One preferred embodrment of the present invention provides a delay line 
cot^prising: a dielectric substrate including a patr of main surfaces; a transmisston 
line disposed on one of the main surfaces of the dielectric substrate; a ground 
conductor disposed on the other of the ma,n surfaces of the dielectric substrate; and a 
capacitance, provided by at least one of a vanable capacitor and a d.ode. for example, 
betng disposed on the dielectric substrate and comrccted to the transm.ssron l,ne, 
advantageously in parallel with the transmission. 

According to the above described structure and arrangement, by changing the 
capacitance of the vartable capacitor or the d.ode, a frequency of an attenuation pole 
in the pass characteristic of the delay hne can be continuously changed even after the 
delay line is mounted on a printed circuit board. As a result, the delay time of the 
delay line can be coittinuously changed so as to obtain a desired delay t,me. 

Another embodimem of the present invention provides a delay hne 
comprising: a multilayer structure formed by laminatmg a plurality of dtelectnc 
layers- a transmisston line embedded in the multilayer stntcture; a plurality of ground 
conductors disposed on the dielectric layers and being separated from each other by 


.he trunsmission line and the dieleCnc layer; and a. leas, one of a variable capacitor 
and a diode being disposed on .he mul.ilayer structure and connected ,n parallel to 

the transmission line. 

According to the above described structure and arrangement, in addition to 

the advantages of the ftrs. embodiment, the transmission line is formed inside the 
multilayer structure in which the plurality of the dielectric layers are lamina.ed^ 
Therefore, the winng betv^een the transmission line and the vanable capacitor can 
also be formed inside the multilayer structure. Therefore, losses caused by the 
wiring can be suppressed, and it is possible to obtain a delay line having more 

satisfactory characteristics. 

other features and advantages of the present invention will become apparem 
from the following description of embodiments of the invemion which refers to the 
accompanying drawings. 

ppTFF nPSCRlPTION QFTHEDRAWINGS 

Fig. lA shows a top view of a delay line according to a first embodiment of 
the present invention, and Fig. IB shows a sectional view thereof. 

Fig. 2 shows an equivalent circuit diagram of the delay line shown in Figs. 

lAandlB. 

Fig 3 shows a graph illustratmg the pass charactenstics of the delay hne 
shown in Figs. 1 A and IB, and the frequency dependence of the delay time of the 
delay Une. 

Fig. 4 shows a graph illustrating the capacitance dependence of the delay time 

of the delay line shown in Figs. lA and IB. 

Fig. 5 is an exploded perspective view of a delay line according to a second 

embodiment of the present invention. 

Fig. 6 IS a sectional view of a modified example of the delay line shown in 

Fig. 5. 


■ Fi, 7 ,s a„ exploded perspective view of a delay line accordmg .o a ihird 
embodiment of the present invenlion. „f,h,delavtime 
Fig. 8 ts a graph .llustratrng an applied voltage dependence of the delay 

of the delay line shown in Fig. 7. 

'Fig. 9 is a top view illustrating a prior art delay hne. 

. H Fi. IB shows a sectronal view thereof. A delay Ime 10 
,He present inventron, -"'^^'^ » , , , „„, is disposed 

has a dielectric substrate 11. A transmission ^1,. transmission line 12 is 

o„ one of the main surfaces of dte dielectnc substrate ... The transmission 
Led m a meandering manner. On substantially the entire bac. surface of the 

1^:— ^^^^^^ 

_iLl,ne....naddition,thee„dsofthet — 
toa„inputtemtinall5andanoutputterm,nall6,respecfvely. g 
conductor 13 is connected to ground te™.nals .7 and 18, respectively 

. 3tructure in which an tnduCance compone„a of a m..o s^^ 
■ ii„. n and the ground conductor U are coniiccio 
iln, formed bv the transmission line 1 2 ana tne g. 

linefonned y ,„„„„,,pacitor Hbe.ween the input terminal 15 

paral.el to a capacitance C ot the trimmer v 

and the output terminal 16. „i, i. „enerated at a 

,n addition, m the pass characteristics, an attenuation pole is generated 
„ obtained by an expression 1/(2. <VC,^, . With the attenuation pole 
h e Changs occur in high frequency signals passing through the transmission l e 

Z *ows a graph i,.ustra,ing the pass characteristic of the delay hne 10 
.ow.n i ,and.h frequency dependenceofdelaytimethereoflnthisfigure, 
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<.^t T r,f the transmission line 12 is <,nn;, ai 
time. The inductance component L ot the iransr 

r nf the trimmer capacitor 14 is 0.5 (pF). 

'^'^C^^ *a., . pa. — an a— po.e oc.. 

,,.„;j.or,MOH.o.a.eaW*e«p.s.„„U.. <..C,.,a...e 

Fi. 4 is a graph il.us.ra.ing .he capac.ance dependence of ,he delay . 

! • P,>,1 in Fig 4. he horizontal axis of .he graph ,nd,ea.cs 

' :::re:::::::of..oH.ahda.o.nh„e..sho„seha„gesof.e 

,.,...Jde...eof,hede,a.inel0.he.^^^^^^ 
5 ,ha.whe„.hecapac,.anceof,he.nmn,ercapac..or.4,sch g 

.Hea..en„a.ionpole,wh,chisoh.a,nedhy.heexp.ess,„nl/(2n ,VC, ..al 

.he dela, line of .he f... e.hodi.e„. desenhed ahove, s.nce .he vanahle 

„H ,n narallel to .he .ransmtssion line, eon.,nuously 

I ,1,, a.ienua.ion pole occurs in .he pass charac.ens.ic, /\ 
frequency a. which the at.enua..on p h,1,v line so as .0 obtain a 

„ is possible .0 cominuously change the delay time of the delay line 

desired delay .imc, ^.^^ ^ 

Fig 5 is an exploded perspecuvc vit 

• A Hplfiv line 20 has a rectangular- 

embodiment of the present invention. A delay line 
embodimeni sequentially lammating 

narallelepiped multilayer structure 21 obtained by sequ 
: ri dielecnc layers 21 1 .o :15 formed of dielec.nc ceramic nra.enals 

pemt,.tiv,.y „ . ..o...., .C, components conrpnse 
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barium oxide, aluminum oxide, and silica, bonding by pressurizing and ,hen 
inregraily nnng a, .empera.urcs of 800 .o , 000" C. On tt,e s.de surfaces and upper 
and lower surfaces of .he multilayer structure 21. an input temr.nal 22. an output 
terminal 23. and two ground terminals 24 rntd 25 are formed. 

Substanttally rectangular ground conductors 261 and 262 are formed on the 
upper surfaces of the dielectric layers 2, 1 and 213, respectively. In addttton a 

substanttally meandenng fo™. Furthermore, substantially rectangular capacttor 
electrodes 281 and 282 are formed on the upper surfaces of the dt.lectnc layers 214 

and 215, respectively. 

in this case, both ends of the transmission line 27 fonrred on the upper sur ace 

of the dielectnc layer 212. and parts of the ground conductors 26, and 262 formed 
on the upper surfaces of the dielectrtc layers 2U and 2,3 are extended onto the .de 
surfaces of the muU.tayer structure 2Uo be connected to the input termtnal 2., 
output tennmal 23, and the ground terminals 24 and 25, respectrvely. 

,„ addition, an end of the transmissron line 27 on the upper surface of the 
d,electric layer 2,2 is connected to the capacttor electrode 28, on the upper surface 
of the dtelectric layer 2,4 by a v,a.ho,e conductor 29, disposed m sue a tttantrer 
that the via-hole conductor 29, passes through the dtelectrrc layers 213 and .,4. 

Futlherrtrore. the other end of the transm.sston Ime 27 on the upper surface of 
,he dielectnc layer 2.2 ,s connected to the capacitor Cectrode 282 on the upper 
3urface of the dietectnc tayer 2, 5 by a vta-ho.e conductor 292 dtsposed ,n sue a 
manner that the via-h„,e conductor 29, passes through the dtelectrtc layers 2,3 to 

With such a structure, ,n the delay line 20, between the tnput terminal 22 and 
,be output tennnnal 23, the tnductance component L of the stnp line fomted by the 
rransmission line 27 and the ground conductors 261 and 262 is connected ,n para lei 
,„ ,be capactance component C of the variable capacitor 28 fontted by the eapactor 
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1„ this case, .he equivalent arc. of the delay 1, 


.,..a,e„. cireui. or.he delay line .0 shown in Fi, 2. 

The inpu. .ermina. 22, .he ou.pu. .erm.na. 23, h 

„ „e .™ed h, rnins pnn.ed ^^-^^^^^ L „„,.„aye. 
„„„i,ayers.ruc.u.e21.orbybaking.hepnn.edconduc.,vp 

strucure 21 has been fired. fon„ed on the upper surface of .he 

.fter .his, .he capacitor electrode 28. f ™ ^^^^^^^^^^^ 
....layer struCure 2, is .n^nred hy a lase o ... ^^^^^ ^^^^^ 

,evar,ah,ecapac,tor2Scanheco„.,nuou^^^^^^^^^ 

.e.a, l.ne 20a .s differen. .n * ■ ^^^^^^^^^ „ , , ,32, 

,0 .he variable capaettor 28 (F.g. 5) 1 pound conductors 261a 

„„ the upper surface ofthemulhlayer structure 2,ahav,ngg 

v 97a formed therein. 
262a, and a .ransn„ss,on hue 2 

in .his case, .he .tansm.ss.on hne .7a . 

4 . „iolaand292adisposed.nsidethemuimay 
28a by via-hole conductors 29 1 a ana z« 

, ,■ „f the seco,rdcn,bod,ment described above, since .he 
,„ „e delay hne of .he ^ ^^^^^^^^ ^^^^^^^^ ^^^„ 

capacitance of the tnmnrer c=.P- ^ ^^^^^ ^„ ,„,e occurs 

counted on a printed circun board, a frequency ^^^^^^^ ^^^^^ 

„, .,e pass charac.eris.ics can also be ^ ^^^^^^^ ^^^^^ 

„„eof,he delay line canbecon.inu„uslychanged so as too 

ti"^^- . 'inline is formed inside the multilayer 
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Fi„ 7 .s an exploded perspective v.ew of a delay 
u ,„f the present invention. A delay line 30 has a rectangular- 

.tegrally frring at temperatures of 800 to ,000» C 

A varicap diode 32 is mounted on the upper sur ace o 

, An input temnnal 33, an output terminal 34, and two gro 

structure 31 . An input ^^^^^^^^ 

35 and 36 are formed on the sioe bun 

upper and lower surfaces thereof , ,7 1 and 372 are formed on the 

Substantially rectangular ground conductors 37 1 and 372 a 
Substantia y , 1 1 nnd 3 1 3 In addition, a transmission line 

upper surfaces of the dielectric ayers 3d. ^^^^^ ^^^^^^^ 

38 having a substantially meandenng configuration 

the dielectric layer 312. . formed on the dielectric 

,„ ,,s case, .ot. ends of ..e — ^Z;^ 7^^^^ 

3U, and parts of the ^^^^^^^^^ .rfaces of 

surfaces of the dielectric layers 31 1 and 313 
.He multilayer structure 3 1 to be connected to the input term na, 33, 

■ t ,i »nd the sround terminals 35 and 36, respectively, 
terminal 34, and me grou , .„. i» „„ the upper surface of the 

. , .qinassesthroughthedielectriclayers313and314. 
the via-hole conductor 391 passes g ^^^^^^^ 
Furthermore, the other end of the transmission line 38 on PP 
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. , „2 is conneced .0 .he Cher end of .he varicap diode 32 .oun.ed 
.,e dielecnc layer 3.2 .. o .^ ^^^^^^^ ,„ , 

,ha. .he v.a-hole conduc.or P i„p„, .ermmal 33 

W«h such an arrangemen., ,h .he de.ay 3 ^^^^^ 

■..1 the inductance component L ot the smp 
and the output termmal 34, the ,7 1 and 372 are connected m 

• 1- .nd the ground conductors 371 ana 3 a 
the transmission Ime 38 and the gro 

In this case, the equivalent circuit of the delay 

• -t the delav line 1 0 shown in Fig. 2. 

AS ,n .he case of de a ^^^^^^^^ 
.e^inal 33, .he on.pu. .e™,nal 34. * J s.ruc.ure 
..he. hy nnns pnn.ed eondncve pa* — ^ ^ , ,^ 

3 1 , or by baking .he primed condncve pas.e a..er 

f"''^''- . ... „„i,aBe aooHed .0 .he varicap diode 32 

Wi.h .his sirucure by changing .he vol.age app 

f „ „f the multilayer s.ruc.ure 3 1 , .he capacim 
„„„„.ed on .he upper -^^^ ,„„,„„ously. As a resul., 

eomponen. of .he vancap d,ode 32 ca^^ a ^ _^ 

..e delay ..n,e of .he e,a, 0 - ^^^^^ ^^^^^^^^ 

delay lines ,0 (F.g. 1) and 20 (F.g- 5) o ^^^^ ^^^^^ 

Rg. 8 is a graph showing changes *= ^ 
, , he horizonlalaris of the graph indicates a vonag PP 

F,g.7. In F.g. 8, .he honzo ,;,„es the delay time of the delay hne. A 

diode 32, and the vert.cal axis thereof .nd.ca.es .he d y ^ 

„f tVip delav time at a frequency oi i ^ 
solid line D3 shows changes of the delay t 

This graph shows .ha., when t ^^^^^ ^^^^ 

ebanged, the delay tlnrc of the '"-^^-^^I^l^ 32 changes the 

,his is .ha. changing .he vol.age which a frequency a. whrch .he 

capaCancecomponen. of .he vancap diode 32. by 
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- occurs in ,he pass ctarac.ens.ics is also Ranged, since *e vancap 

attenuation pole occurs in I" H 

„ode is conneced in paraile, ,o ,he .ra„s„,.ss,o„ ^^^^^ 
,„ „e nrst .0 .h.rd e„*od,n,en.s. .he d.e.ectt.c layer 
„,a,er,a,s «.ose nra.„ eonrpo.nrs 

. connected to the transmission line. Alternatively, 
capacitor or a d.ode . o„^ 

variable capacitor and a diode may o 

advantageously is parallellhereto. , he use of a variable capacitor 

Although the first entbod.ment has descnbcd the use ot 

■„ Tin, the same advantages can also be 
connected in parallel to the transmission line, the sam 

Obtained by using a diode on the ^^^^^^ disposed 
,be second and third embodiments, the gr 

'°"~r a:"— rs. — ly, the ground conductors 

transmission Ime ana luc 5 

.a, be disposed on outer surfaces of ^„ 

■nrr: on. discosed embodiments have the e.„.en. circuit 
capacitance is comiec.ed to a transmission hne so as to b 


a desired delay time ofthe delay line 


00452()94.: 



While .he invention has been particularly shown and deseribed with reference 
,0 preferred en,bodin,e„.s .hereof, ,. will be understood by those skilled .n .be art 
.ha. .he foregoing and other changes in fom. and details n.ay be made there.n 
withou. departing from the spin, of the invention. 


